Introduction
Breast cancer is the most common malignant cancer among women worldwide, in both developing and developed countries. The survival rate of breast cancer is highly correlated with the degree of disease at the time of diagnosis, with early stage disease conferring superior survival rates. However, the majority of patients with advanced breast cancer develop bone metastases. 1 Some studies have reported that increased osteoclast activity in patients with breast cancer and breast cancer bone metastases leads to skeletal-related events (SREs), which include bone fractures, hypercalcemia, nerve compression, and severe pain. 2 These skeletal complications, in turn, increase the need for palliative radiation or surgery to bone, limit functional independence, adversely affect quality of life, and continue to cause morbidity of the affected patients. 3, 4 Bisphosphonates are effective inhibitors of osteoclast-mediated bone resorption and have been approved for the prevention and treatment of postmenopausal osteoporosis and corticosteroidinduced bone metastases. [5] [6] [7] Bisphosphonates are analogues to pyrophosphates, which inhibit bone
The incidence and relative risk of adverse events in patients treated with bisphosphonate therapy for breast cancer: a systematic review and meta-analysis resorption by interfering with osteoclast activation and promoting osteoclast apoptosis. 8, 9 Due to their antiresorptive properties, bisphosphonates are used to prevent excessive activation of osteoclasts due to cancer cells in the bone. Therefore, by blocking the vicious circle, bisphosphonates can prevent bone complications caused by tumor-induced osteolysis. 10, 11 Zoledronic acid (ZOL), ibandronate, pamidronate, and clodronate are approved for the prevention of skeletal complications in breast cancer patients with bone metastases. [12] [13] [14] In the randomized, double-blind ProBONE II trial, a 2-year treatment with ZOL 4 mg intravenous every 3 months prevented cancer-treatment-induced bone loss in premenopausal women with breast cancer, and maintained bone mass density (BMD) up to 3 years posttreatment. 15 At present, bisphosphonates are the standard treatment for the prevention of SREs, especially for patients with breast cancer and metastatic bone disease. 16 Although bisphosphonates can be effective in the prevention of SREs in patients with breast cancer and breast cancer bone metastases, they have been associated with an increased risk of adverse events such as renal toxicity, 17,18 acute-phase reactions, osteonecrosis of the jaw (ONJ), and intravenous administration. 19 However, these are rare events among patients enrolled in clinical trials, and individual studies designed to demonstrate efficacy of each of these agents have been ineffective in detecting statistically significant differences in the incidence of adverse events. In addition, it is difficult to determine which of these adverse events are caused by bisphosphonates and which are caused by cancer. Since the clinical use of bisphosphonate therapy should be based on a balance between efficacy and safety, a solid understanding of the safety profile of these drugs is of critical clinical value. To determine the risk of adverse events associated with these agents, we conducted a systematic review and meta-analysis of the literature to determine the incidence and risk of adverse events induced by bisphosphonates in patients with breast cancer.
Methods

Search strategy
This study was reported in accordance with both the PRISMA statement for reporting systematic reviews and meta-analyses. 20 A systematic literature search of the PubMed, EMBASE, Cochrane and Web of Science databases up to November 2018 was conducted by two study investigators (YYL and XRL) independently. The following search terms, treated as free text or mesh terms, were used: 'bisphosphonates,' 'alendronate,' 'clodronate,' 'ibandronate,' 'pamidronate', 'risedronate,' 'zoledronic acid,' combined with 'breast neoplasms' or 'breast cancer,' or 'breast tumor.' The search was restricted to human studies. The title and abstract of studies identified in the search were reviewed by two authors (YYL and XRL) independently to exclude studies that did not address the research question of interest. References of identified articles were also retrieved to assess potentially eligible studies. Inclusion was not restricted on the basis of language of publication.
Selection criteria
Two authors (YYL and XRL) independently extracted data from selected studies. Disagreements between the two reviewers were resolved by consensus, or by deference to a third author (XZJ) where needed. Reasons for exclusion were documented. If there were multiple reports of the same trial, we included data from the most up-to-date reference possible.
We classified studies on bisphosphonates, focusing on adverse events of using bisphosphonates in the treatment of breast cancer. Adverse events studies were RCT studies. The studies corresponding to ONJ were retrospective studies. Therefore, we conducted a separate meta-analysis of ONJ studies.
Inclusion criteria were formed using the participants, intervention, control, outcomes, and study designs (PICOS) strategy. 21 For the two metaanalyses in this paper, the inclusion criteria were different:
( 
Assessment of risk of bias
The Cochrane Risk of Bias tool was used to assess the quality of RCTs. Two reviewers (YJH and XZJ) extracted data and assessed risk of bias in the included studies independently. Disagreements were resolved via the consensus of the two reviewers.
Data extraction and analysis
We selected 28 adverse events, and, for each adverse event, we combined the risk ratio (RR) of the intervention group and the control group. For analysis by ONJ, we extracted data related to breast cancer, did not adopt data related to ONJ incidence of other types of cancer, and conducted a merge to achieve overall incidence of ONJ.
Statistical methods
We combined the RR (m-h, Fixed, 95% CI) and heterogeneity test (I 2 ) of each adverse event, and drew a forest plot of the combined risk ratio of 28 adverse events. Of the 23 studies, 28 important adverse events were selected for the combined analysis. It is worth pointing out that the number of studies included in each adverse event was different, and that there is the possibility of bias between studies.
We combined the ONJ incidence of 24 studies and the heterogeneity test (I 2 ), and we used the random effects model (D+L pooled) for metaanalysis. In addition, in these 24 studies, we extracted data only of breast cancer patients. Data synthesis and graphical representation were performed using Review Manager 5, version 5.3., and Stata14.
Results
Eligible studies
A search in PubMed, EMBASE, Cochrane and Web of Science databases identified 5125 unique records. After eligibility assessment, 47 studies comprising a total of 20,607 patients were included ( Figure 1 
Description of studies
The publications included in the analyses comprised 23 RCTs and 24 retrospective studies. The characteristics of these studies are summarized in Table 1 .
Among the studies selected, 23 RCTs aimed to explore adverse events after treatment of breast cancer patients with/without the use of bisphosphonates. We classified bisphosphonates into different categories. The number of studies, patients in treatment groups and patients in control groups involved in trials were shown in Table 1 . We evaluated 28 adverse events and compared the RR of adverse events in the bisphosphonate intervention group versus the control group. The quality of the 23 RCT studies was assessed by the modified Cochrane risk of bias tool ( Figure 2 ); all studies were randomized and a few studies were unblinded. In our study, all six included studies were blinded. Most studies had prospective adverse event monitoring using well-described, objective criteria, although the types of adverse events studied and their definition varied between trials. Therefore, we classified the adverse events to minimize the risk of such bias. The second meta-analysis included 24 retrospective studies related to incidence of ONJ in breast cancer after treatment with bisphosphonates ( Table 2) . We combined the incidence of ONJ in these 24 retrospective studies to analyze the incidence of ONJ using bisphosphonates and assess the hazard ratio compared with the control group.
Assessment of adverse events
Here, a total of 23 RCT studies was assessed for the adverse events of breast cancer patients. This meta-analysis included a pooled study population that consisted of 12,073 individuals, with 6484 being patients with bisphosphonates and 5598 being patients without bisphosphonates.
In the included studies, we observed a total of 105 adverse events. Those adverse events mentioned in fewer than three studies were excluded as rare or individual variations rather than truly common adverse events. The descriptions of same adverse events might vary from study to study. We combined the studies, resulting in 28 adverse events being analyzed in this study. These 28 adverse events were classified according to organ system (Table 3) . Each adverse event was described in a different number of included studies. We combined and calculated the incidence separately for all 28 adverse events, noting that the numbers of studies mentioning each adverse event were inconsistent. We combined the RR of the bisphosphonates group with adverse events. Interestingly, the incidence of peripheral edema was lower in treatment with bisphosphonates compared with control groups (RR 0.85, 95% CI 0.73-0.99; p < 0.05; I 2 = 19%).
The results of the meta-analysis are summarized in Figure 3 and Table 3 . Assessment incidence of ONJ We next screened the database for our systematic review of the incidence of ONJ. Here, 24 retrospective studies with 8525 patients were pooled in the meta-analysis. Meta-analysis of the incidence of ONJ among patients with bisphosphonates revealed significant between-study heterogeneity (I 2 = 84.5%). Therefore, we used a random effects model for meta-analysis. Of the patients with bisphosphonates, 304 had a diagnosis of ONJ. We found that the overall incidence of ONJ in patients exposed to bisphosphonates therapies is 2% (95% CI 0.02-0.02; p < 0.001) (Figure 4 ).
Assessment of publication bias
We conducted six analyses out of seven comparisons with dominant pooled RR (fatigue, fever, dyspepsia, anorexia, urinary tract infection, peripheral edema) to assessment of publication bias. We did not conduct the Egger's side effect test because of paucity of included studies (as few as three studies) for pooled RR of influenza-like illness. We produced a p value for Egger's test as shown in supplemental Figures S1 and S2. As can be seen, all six p values were >0.1, suggesting no presence of significant publication bias (Table 4) .
We also applied Egger's test to the ONJ studies to produce an incidence of ONJ on the basis of pooled comparison; this resulted in a p-value of <0.001, suggesting the presence of publication bias (see Egger's regression chart in Figure 5a and Begg's funnel plot in Figure 5b) . We adopted the trim-fill method to further analyze the bias, with the resulting plot (Figure 5c ) suggesting that an unbiased state could be achieved through filling with an additional nine studies . 
Discussion
Our study enrolled 47 clinical trials involving 20,607 participants in a network meta-analysis. Six bisphosphonates regimens were included: alendronate, clodronate, ibandronate, pamidronate, risedronate, and zoledronic. Our data suggest that patients with breast cancer treated by bisphosphonates are at higher risk of fatigue, anorexia, peripheral edema, dyspepsia, fever, influenza-like illness, and urinary tract infection relative to controls, and that 2% of breast cancer patients treated with bisphosphonates develop ONJ.
In recent years, bisphosphonates have emerged as a highly effective therapeutic option for prevention of SREs, especially in patients who have breast cancer and metastatic bone disease. 16, 65 Epidemiological studies have suggested that bisphosphonates may increase bone mineral density in lumbar and hip joints in breast cancer patients, including premenopausal and postmenopausal women. 15, 39, 66 Several experimental studies have also proposed that bisphosphonates might have antitumor effects, including inducing apoptosis, reducing proliferation, and inhibiting tumor cell migration and invasion. 40 Since bisphosphonates are considered as an effective adjuvant drug for prevention of SREs, these adverse effects should be clarified and weighted. Our present systematic review and meta-analysis confirms and quantifies the adverse effects associated with bisphosphonates as an adjuvant treatment. Accordingly, we anticipate that our findings may help physicians and their patients gauge the risk-benefit of adding bisphosphonates to a patient with advanced malignancy. Studies have reported that nephrotoxicity, including toxic acute tubular necrosis and focal segmental glomerulosclerosis, is a potential limiting factor for intravenous bisphosphonates. 67, 68 Adverse events such as influenza-like illness and chills were more common in the zoledronate group compared with the placebo group. 15 In addition, the following adverse events were also more frequently observed in the zoledronate group as compared with the observation group: sensory neuropathy and other nervous system disorders, gastrointestinal, skin, myalgia, pain, fatigue, fever, and other general condition disorders. 40 When compared with patients in the placebo group, patients in the ibandronate group had an excess of adverse events in specific system organ classes: infection, cardiac, gastrointestinal, hepatobiliary, and general condition. 13 Our metaanalysis included 23 studies, all of which were RCTs. The results demonstrated that only seven adverse events (i.e. influenza-like illness, fatigue, anorexia, dyspepsia, fever, urinary tract infection, and peripheral edema) are related to the use of bisphosphonates. Influenza-like illness is the most common adverse event. This may indicate that these adverse events are mediated through bisphosphonates. However, no significantly higher risk was shown in the incidence of myalgia and nausea, which were the most common adverse events of bisphosphonates. Interestingly, we observed a decreased risk of peripheral edema in patients treatment with bisphosphonates compared with control groups. Thus, clinicians should be aware of these potential adverse effects in clinical use.
ONJ is a destructive bone process in patients undergoing bisphosphonate therapy who show bone exposure of over 8 weeks of development and who did not undergo radiotherapy of the head and neck. 53, 54, 62 Some ONJ patients may show no symptoms at all, but in others ONJ may cause severe pain, swelling and bleeding of oral cavity tissue, continuous purulent secretion accompanied with or without fistula in the oral cavity, severe bad breath and an abnormal feeling of the lower lip related to loosened teeth. Predominantly, ONJ leads to a severe deterioration of the patient's quality of life. However, some researchers have shown a very variable prevalence of ONJ. A retrospective study of 194 Spanish patients who had undergone intravenous bisphosphonate therapy showed that the prevalence of ONJ was 12.9%. 62 Another retrospective analysis showed that 8 of 190 patients (4.2%) with breast cancer developed ONJ. 60 Ding and colleagues retrospectively analyzed the safety data of bisphosphonates in 181 breast cancer patients with bone metastasis who received intravenous bisphosphonates for more than 2 years; only 1 of these patients was diagnosed with ONJ, giving an incidence rate of 0.6%. 46 The purpose of the study reported in this article was to determine the prevalence of ONJ in breast cancer patients who have undergone intravenous bisphosphonate therapy, and relate the risk factors described to establish a protocol to reduce the risk of developing ONJ. In the current analysis, we observed that 2.0% of breast cancer patients treated with bisphosphonates developed ONJ. It is worth noting that Boonyapakorn and colleagues reported a relevantly greater number (50%) of ONJ in patients treated with bisphosphonates. 43 The smaller sample in the latter study (n = 10) might explain the high incidence of ONJ. The different prevalence of ONJ is not well understood but may possibly be related to each patient's systemic factors, such as diabetes, osteoporosis (in oncology patients), and medication related to steroids, or immunosuppressive and antiangiogenic drugs. 62, 69 In addition, local factors are also related to the appearance of ONJ, such as oral hygiene and overall periodontal state.
The present study has certain limitations. First, we analyzed the data on adverse events provided in published clinical trials. These adverse events were chosen by the authors according to varied criteria. Therefore, many related adverse events may have be considered irrelevant and therefore have not been reported. Second, 23 studies of ONJ are single-group trials, rather than RCTs. Nevertheless, major cases are enrolled in the study, and are consistent with the research progress; hence, the conclusions have a certain value and significance. Third, as with any meta-analysis, the results described here are affected by the limitations of the individual clinical trials that were selected for this meta-analysis. Last, the pooled between-studies of ONJ suggested significant publication bias. According to the trim-fill method, publication bias might be corrected to an unbiased state by adding nine studies. At present we lack the relevant studies from among the articles searched.
Conclusion
In summary, the results of this meta-analysis suggest that the use of bisphosphonates is associated with seven adverse events: fatigue, anorexia, 
